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(54) Devices and structures for reinforcing hollow structural members 



(57) A reinforcement device 10, 110 may include at 
least one elongated reinforcement body 11, 111 having 
a longitudinal axis and at least one foamable member 
30, 130 that produces a foamed product 35, 135 when 
heated. The foamable member 30, 1 30 is preferably dis- 
posed along the longitudinal axis of the reinforcement 



body 1 1 , 1 1 1 so that the foamed product 35, 1 35 will ex- 
tend along the longitudinal axis of the reinforcement 
body 11, 111. Preferably, the foamed product 35, 135 
bonds the reinforcement body 11, 111 to a hollow struc- 
tural member 1 in order to reinforce the hollow structural 
member 1. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The present invention relates to devices and 
structures for reinforcing a hollow structural member. 
More particularly, the present invention relates to devic- 
es and structures for reinforcing a closed box-like hollow 
structural member constructed from two or more plates, 
such as a front pillar, a center pillar, a quarter pillar, a 
roof side panel or a rocker panel of a vehicle. Preferably, 
the reinforcing device increases the strength and rigidity 
of the hollow structural member. 

2. Description of the Related Art 

[0002] In order to reinforce a hollow structural mem- 
ber (for example, a front pillar of a vehicle), a reinforce- 
ment device may be disposed within a cavity of the hol- 
low structural member. Such a reinforcement device 
may be an elongated member that is arranged in the 
cavity in such a way as to extend along a longitudinal 
direction of the hollow structural member. 
[0003] A known reinforcement device is taught by 
Japanese Laid-open Patent Publication Number 
10-53156. This reinforcement device comprises a rein- 
forcement member and a plurality foamable members 
that are disposed laterally, or perpendicularly, to the lon- 
gitudinal axis of the reinforcement member. The rein- 
forcement member is attached to the inner surface of 
the hollow structural member at both ends of the rein- 
forcement member. 

[0004] The known reinforcement device is particularly 
useful to reinforce a hollow structural member, because 
the reinforcement device can be mounted within the hol- 
low structural member before painting. Because the re- 
inforcement device is connected to the hollow structural 
member by only two attachments, substantially the en- 
tire interior of the hollow structural member can be coat- 
ed with paint before the entire structure is baked to ac- 
tivate the foamable material. Thus, the known reinforce- 
ment device provides a convenient device for reinforc- 
ing and closing a hollow structural member and substan- 
tially the entire interior surface of the hollow structural 
member can be protected from corrosion. 

Summary of the Invention 

[0005] It is, accordingly, an object of the present 
teachings to provide further improved reinforcement de- 
vices and structures. 

[0006] Several devices and structure are provided by 
the present teachings. For example, reinforcement de- 
vices are taught that can be inserted into a cavity of a 
hollow structural member in order to reinforce the hollow 
structural member. In one embodiment of the present 



teachings, reinforcing devices may include an elongat- 
ed reinforcement member and a foamable member that 
can produce a foamed product when heated. Preferably, 
the foamable member is attached to the reinforcement 

5 member in such a way that the foamable member ex- 
tends along the longitudinal direction of the reinforce- 
ment member. Therefore, after activation (i.e. foaming) 
of the foamable member, the reinforcement member will 
be attached or bonded to the inner surface of the hollow 

10 structural member and the foamed product will extend 
along the longitudinal direction of the hollow structural 
member. 

[0007] In another embodiment of the present teach- 
ings, the reinforcing device is disposed within a cavity 

15 of a hollow structural member in such away as to extend 
along the longitudinal axis of the hollow structural mem- 
ber. The foamable member is preferably disposed within 
a recess defined along the longitudinal axis of the elon- 
gated reinforcement member. Thus, the resulting 

20 foamed product will be longitudinally disposed between 
the recess of the reinforcement member and the inner 
surface of the hollow structural member, so as to inter- 
connect the reinforcement device and the hollow struc- 
tural member. 

25 [0008] In another embodiment of the present teach- 
ings, the foamed product continuously extends along 
the longitudinal axis of the reinforcement member. As a 
result, the hollow structural member can be reliably re- 
inforced and may provide rigidity to torsional stresses. 

30 [0009] The present teachings will become more fully 
apparent from the following description and the claims 
as it proceeds in connection with the drawings. 



Brief Description of the Drawings 

35 

[0010] 

FIG. 1 is an exploded perspective view of a rein- 
forcement device for reinforcing a hollow structural 

40 member according to a first representative embod- 
iment of the present teachings; 
FIG. 2 is a longitudinal sectional view of the rein- 
forcement device of FIG. 1 before the foamable 
members are foamed and expanded; 

45 FIG. 3 is a transverse sectional view of the rein- 
forcement device of FIG. 1 before the foamable 
members are foamed and expanded; 
FIG. 4 is a longitudinal sectional view of the rein- 
forcement device of FIG. 1 after the foamable mem- 

50 bers have been foamed and expanded; 

FIG. 5 is a transverse sectional view of the rein- 
forcement device of FIG. 1 after the foamable mem- 
bers have been foamed and expanded; 
FIG. 6 is an exploded perspective view of a rein- 

55 forcement device for reinforcing a hollow structural 
member according to a second representative em- 
bodiment of the present teachings; 
FIG. 7 is a transverse sectional view of the rein- 
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forcement device of FIG. 6 before the foamable 
members are foamed and expanded; 
FIG. 8 is a sectional view of taken along the line VIM- 
VIM of FIG. 8; 

FIG. 9 is a transverse sectional view of the rein- 
forcement device of FIG. 6 after the foamable mem- 
bers have been foamed and expanded; 
FIG. 10 is a sectional view of taken along the line 
X-XofFIG. 9; 

FIG. 11 is an enlarged fragmentary sectional view 
of a reinforcement member, before the foamable 
member is attached; 

FIG. 12 is an enlarged fragmentary sectional view 
of the reinforcement member, after the foamable 
member has been foamed and expanded; 
FIG. 13 is an enlarged fragmentary sectional view 
of a modification of the reinforcement member; 
FIG. 14 is an enlarged fragmentary sectional view 
of another modification of the reinforcement mem- 
ber; and 

FIG. 15 is an enlarged fragmentary sectional view 
of a further modification of the reinforcement mem- 
ber. 

Detailed Description of the Preferred Embodiments 

[0011] Preferred embodiments of the invention will 
now be described in detail with reference to the draw- 
ings. 

[0012] A first detailed representative embodiment is 
shown in FIGS. 1 to 5. As shown in FIGS. 2 and 3, a 
pillar 1 of a vehicle body is exemplified as a hollow struc- 
tural member. For example, the pillar 1 may be a center 
pillar or a front pillar of a vehicle body, although naturally 
a variety of hollow structural members are contemplated 
by the present teachings. As best shown in FIG. 3, the 
pillar 1 is constructed from an elongated inner pillar pan- 
el 2, which has flanges 3 extending along the edges of 
the panel 2, and an elongated outer pillar panel 4, which 
has flanges 5 extending along the edges of the panel 4. 
The inner pillar panel 2 and outer pillar panel 4 prefera- 
bly are spot welded along flanges 3 and 5. Thus, the 
pillar 1 has an elongated closed box-like hollow shape 
and a longitudinally extending cavity 6 is defined within 
pillar 1 . Optionally, the inner pillar panel 2 may have one 
or more attachment holes 7 that are preferably arranged 
in order to attach the reinforcement device 1 0 to the pil- 
lar 1 , as will be discussed further below. 
[0013] The elongated reinforcement device 1 0 is dis- 
posed within cavity 6 and extends along the longitudinal 
direction of the pillar 1. As best shown in FIG. 1, the 
reinforcement device 10 comprises an elongated rein- 
forcement body 11 that extends along the longitudinal 
direction of the pillar cavity 6 and a pair of foamable 
members 30 that have substantially the same length as 
the reinforcement body 11 . The foamable members 30 
may be cylindrical, although a variety of other shapes 
may be utilized. Further, the foamable members 30 pref- 



erably extend along the longitudinal axis of the elongat- 
ed reinforcement body 1 1 . While the foamable member 
30 continuously extend along the longitudinal axis of the 
elongated reinforcement body 11 in the first represent- 
5 ative embodiment, naturally, each foamable member 30 
may comprise a plurality of pieces that are disposed 
along the longitudinal axis of the elongated reinforce- 
ment body 11 . 

[0014] The elongated reinforcement body 11 prefera- 

10 bly is integrally formed from one or more heat-resistive 
synthetic resinous materials, although other materials 
may be utilized. Further, the elongated reinforcement 
body 1 1 is preferably rigid so as to provide reinforcement 
to the pillar 1 . Various techniques may be utilized to form 

15 elongated reinforcement body 11, such as injection 
molding, extrusion molding, blow molding or other such 
processes. Preferably, elongated reinforcement body 1 1 
has a shape that substantially corresponds to the shape 
of the cavity 6. In this representative embodiment, elon- 

20 gated reinforcement body 11 comprises a pair of elon- 
gated main walls 12 and the elongated main walls 12 
are preferably disposed in a parallel relationship. A plu- 
rality of cross walls 1 4 are preferably disposed between 
the main walls 1 2 and connect the main walls 1 2 to each 

25 other. For example, as described in the first represent- 
ative embodiment, the main walls 12 may be disposed 
laterally, or perpendicular, to the longitudinal axis of the 
main walls 1 2. As best shown in FIG. 3, the walls 1 2, 1 4 
are designed so that a space or clearance is defined 

30 between the main walls 12 and the surface of cavity 6 
when the reinforcement device 10 is positioned within 
the cavity 6. These spaces permit a coating material, 
such as paint, to substantially coat the entire surface of 
cavity 6 before the foamable members 30 are activated 

35 (i.e. foamed). Optionally, the main walls 12 may include 
grooves or retainer recesses 13 that extend along the 
longitudinal length of the main walls 12. These retainer 
recesses 13 may, for example, have an arcuate cross 
section that faces the pillar panel surfaces. 

40 [001 5] Optionally, a plurality of one-piece clips 20 may 
be disposed on one of the main walls 12. For example, 
the clips 20 may be disposed along the main wall 1 2 that 
is adjacent to the inner pillar panel 2 when the reinforce- 
ment device 1 0 is introduced into the cavity 6. The clips 

45 20 may be appropriately arranged so as to align with 
and engage the attachment holes 7 of the inner pillar 
panel 2. The clips 20 may serve as means for securing 
the reinforcement body 11 within the cavity 6, although 
naturally other attachment means may be utilized to- 

50 getherwith the present teachings. As best shown in FIG. 
3, each of the clips 20 preferably comprises a shank 24 
that extends from the main wall 12 and terminates at a 
stopper plate 21. A leg 22 preferably extends from the 
stopper plate 21 . One or more retaining pieces 23 pref- 

55 erably extend from the free or terminal end of the leg 22 
at an angle to the central axis of leg 22. Thus, the re- 
taining pieces 23 preferably are folded or bent back to- 
ward the stopper plate 21. The retaining pieces 23 are 
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preferably adapted to elastically engage the periphery 
of the attachment holes 7 when the clips 20 are inserted 
into the attachment holes 7. Further, the stopper plate 
21 effectively prevents the clip 20 from being excessive- 
ly inserted into cavity 6, so that the reinforcement body 
11 can be accurately positioned within the cavity 6. 
[0016] The foamable members 30 are received in the 
retainer recesses 13 of the reinforcement body 11 and 
may be bonded thereto by self-adhesion, or by adhe- 
sives or other such means, to thereby produce the rein- 
forcement device 10. Further, the foamable members 
30 and the reinforcement body 1 1 can be provided with 
engagement means, e.g., projections and correspond- 
ing holes (not shown in FIGS. 1 -5), in order to accurately 
and reliably bond the foamable member 30 and the re- 
inforcement body 11. Representative engagement 
means that may be utilized with the first representative 
embodiment are described in further detail below with 
respect to FIGS. 11-15. Thus, the foamable members 
30 preferably serve as means for bonding the reinforce- 
ment body 1 1 to the pillar panels 2, 4. That is, the foam- 
able members 30 preferably expand to produce the 
foamed products 35 when heated, so as to secure the 
reinforcement body 1 1 within the panel cavity 6. Gener- 
ally speaking, the foamable members 30 may be con- 
tinuously formed, such as for example by extrusion 
molding, and then cut to the required length. However, 
each foamable member 30 may comprise a plurality of 
pieces of foamable material that are disposed along the 
longitudinal axis of the elongated reinforcement body 
11. 

[0017] The foamable members 30 preferably com- 
prise foamable resinous materials that can foam and ex- 
pand to produce rigid foamed products 35 when heated 
to an appropriate foaming temperature, e.g. 110°C- 
190°C. For example, after the reinforcement device 10 
is disposed within the pillar 1, the vehicle body may be 
externally heated to the foaming temperature in order to 
activate or foam the foamable members 30. This exter- 
nal heating may also have the effect of baking coating 
materials (e.g. paint) onto the pillar 1. The foamable 
members 30 preferably exhibit good adhesion to metals 
and synthetic resins when foamed and expanded. Fur- 
ther, the foamable members 30 preferably contain fi- 
brous materials, such as glass fiber, and additional 
foaming agents for reinforcing purposes. Representa- 
tive foamable materials are described, for example, in 
US Patent No. 5,631,304 and European Patent Publi- 
cation No. 1 055 699. Further discussion is provided be- 
low concerning representative foamable materials that 
may be utilized with the present teachings. 
[001 8] Representative methods for reinforcing the pil- 
lar 1 using the reinforcement device 1 0 will now be de- 
scribed. 

[0019] In a first or preparation step, the foamable 
members 30 are disposed in and attached to the retainer 
recesses 13 of the main walls 12 of the reinforcement 
body 11, to thereby produce the reinforcement device 



10. 

[0020] In a second or mounting step, as shown in 
FIGS. 2 and 3, the assembled reinforcement device 10 
is longitudinally positioned within the inner panel 2 of 
5 the pillar 1 , so as to engage the clips 20 of the body 1 1 
with the attachment holes 7 of the inner panel 2. There- 
after, the inner panel 2 and the outer panels 4 are welded 
along flanges 3 and 5 in order to thereby form the pillar 

I . Thus, the reinforcement device 1 0 is appropriately ar- 
10 ranged in the cavity 6 of the pillar 1 . 

[0021] Subsequently, in a third or heating step, the ve- 
hicle body having the pillar 1 is externally heated to bake 
any coating materials disposed on the pillar 1. In addi- 
tion, the foamable members 30 will be heated, so as to 

15 expand and thermoset. Thus, the longitudinally extend- 
ing foamed products 35 will be produced between the 
reinforcement body main walls 12 and the correspond- 
ing pillar panels 2, 4, as shown in FIGS. 4 and 5. Pref- 
erably, the longitudinally extending foamed products 35 

20 extend along the entire length of the reinforcement body 

II . Further, the foamed products 35 are reliably bound 
to the main wall surfaces and the panel surfaces without 
producing a clearance between the main wall surfaces 
and the pillar surfaces. Thus, the reinforcement body 1 1 

25 will be rigidly fixed within the pillar cavity 6, thereby im- 
parting rigidity and strength to the pillar 1 . 
[0022] According to the reinforcement device 10 of 
the first representative embodiment, the pillar 1 can be 
reliably strengthened to prevent deformation of the pillar 

30 1 if an external force is applied to the pillar 1 . In addition, 
the foamed products 35 can be bonded to the main walls 
12 and the pillar panels 2, 4 without leaving any clear- 
ances. This feature may also contribute to an improve- 
ment in pillar rigidity, and in particular, torsional rigidity. 

35 [0023] Further, because the foamable members 30 
are received in and attached to the retainer recesses 13 
of the reinforcement body 1 1 , the foamable members 30 
can be effectively prevented from unexpectedly sepa- 
rating from the reinforcement body 11 before the rein- 

40 forcement device 10 is disposed within pillar 1. Thus, 
the reinforcement device 1 0 may be easily manufac- 
tured and shipped separately from the pillar 1 and also 
can be easily attached to the pillar 1 . 
[0024] A second detailed representative embodiment 

45 of the present teachings is shown in FIGS. 6 to 15 and 
the second detailed representative embodiment is relat- 
ed to the first detailed representative embodiment. 
Therefore, it is only necessary to describe constructions 
of the second detailed representative embodiment that 

50 are different from constructions described in the first de- 
tailed representative embodiment. 
[0025] As best shown in FIG. 6, a reinforcement de- 
vice 110 comprises an elongated reinforcement body 
1 1 1 that extends along the longitudinal direction of a pil- 

55 lar cavity 6. Two pairs of strip-like foamable members 
130, which preferably have substantially the same 
length as the reinforcement body 111, are disposed 
along the longitudinal axis of the elongated reinforce- 
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ment body 111 . 

[0026] The elongated reinforcement body 111 may 
preferably comprise the same heat resistive hard syn- 
thetic resinous materials as the first representative em- 
bodiment and may substantially have an M-shape in 
cross section. That is, the elongated reinforcement body 

111 preferably comprises a pair of inner walls 115 that 
are oppositely arranged in a spaced relationship and are 
interconnected by a rounded inner connecting wall 117. 
A pair of outer walls 112 also may be provided that are 
connected to the inner walls 115 by rounded outer con- 
necting walls 1 1 6. The reinforcement body 1 1 1 also may 
include a plurality of cross walls 114 that are laterally 
disposed along a central longitudinal groove defined be- 
tween the inner walls 1 1 5. A plurality of cross walls 1 1 4 
also may be disposed along the pair of side longitudinal 
grooves that are defined between the inner and outer 
walls 112, 115. The walls 114 are preferably connected 
to the walls 1 1 2, 1 1 5 in a spaced relationship. 
[0027] As best shown in FIG. 6, each of the outer walls 

1 1 2 of the reinforcement body 1 1 1 may include a pair of 
parallel retainer recesses 113 that extend along the 
length of the reinforcement body 111. These retainer re- 
cesses 113 preferably open outwardly and have a rec- 
tangular cross section, although naturally other shapes 
may be utilized. In addition, each of the outer walls 112 
has a plurality of through holes 118 that may serve as 
engagement means. For example, holes 118 may be 
disposed along the retainer recesses 113 in a spaced 
relationship. 

[0028] As shown in FIGS. 6 and 7, a plurality of one- 
piece clips 120 may be integrally provided along the in- 
ner connecting walls 1 1 7 and the clips 1 20 may be sim- 
ilar to the clips 20 of the first representative embodiment. 
Thus, each of the clips 1 20 may comprise a shank 1 24 
that extends from the inner connecting wall 1 1 7 and ter- 
minates a stopper plate 1 21 . A leg 1 22 may extend from 
the stopper plate 1 21 . Further, a pair of retaining pieces 
123 may extend from the free or terminal end of the leg 
1 22 in a folded fashion toward the stopper plate 1 21 . As 
a result, the clips 1 20 may function similarly to the clips 
20 of the first representative embodiment. 
[0029] The foamable members 1 30 preferably have a 
shape that is substantially complementary to the retain- 
er recesses 1 1 3 of the reinforcement body 111. Further, 
the foamable members 130 may be disposed within the 
retainer recesses 1 1 3 in order to form the reinforcement 
device 110. The foamable members 130 may serve as 
means for bonding the reinforcement body 111 to pillar 
panels 2, 4. That is, the foamable members 130 prefer- 
ably expand to produce the foamed products 135 when 
heated, so as to secure the reinforcement body 1 1 1 with- 
in the panel cavity 6. Like the first embodiment, the 
foamable members 130 can be continuously formed by 
extrusion molding, although each foamable member 
130 may comprise a plurality of pieces of foamable ma- 
terial. In addition, the foamable members 1 30 preferably 
comprise the same foamable resinous materials as the 



first representative embodiment. 
[0030] Optionally, each of the foamable members 1 30 
may include a plurality of projections 131 that can serve 
as engagement means, as shown in more detail in FIG. 

5 11 . The projections 131 are preferably longitudinally dis- 
posed along the foamable members 130 in a spaced 
relationship so as to align with and engage the through 
holes 1 1 8 when the foamable members 1 30 are inserted 
into the retainer recesses 113. That is, in this embodi- 

10 ment, the projections 1 31 engage the through holes 1 1 8, 
so that the foamable members 1 30 are accurately posi- 
tioned in the retainer recesses 1 1 3 of the reinforcement 
body 111. 

[0031 ] Representative methods for reinforcing the pil- 
15 lar 1 using the reinforcement device 1 1 0 will now be de- 
scribed. 

[0032] In a first or preparation step, the foamable 
members 1 30 are disposed in the retainer recesses 1 1 3 
of the reinforcement body 111 so that the projections 

20 131 of the foamable members 130 engage the through 
holes 1 1 8 provided in the recesses 1 1 3. Thus, reinforce- 
ment device 110 preferably comprises the reinforce- 
ment body 111 and the foamable members 130. 
[0033] In a second or mounting step, as shown in 

25 FIGS. 7 and 8, the reinforcement device 110 is longitu- 
dinally positioned on the inner panel 2 of the pillar 1 so 
as to engage the clips 120 of the body 111 with the at- 
tachment holes 7 of the inner panel 2. Thereafter, the 
inner panel 2 and the outer panel 4 are welded along 

30 flanges 3 and 5 to thereby form the pillar 1 . As a result, 
the reinforcement device 110 is appropriately arranged 
within the cavity 6 of the pillar 1 . 
[0034] Subsequently, in a third or heating step, the ve- 
hicle body having the pillar 1 is heated in the same man- 

35 ner as the first representative embodiment, thereby ef- 
fectively heating the reinforcement device 1 1 0 within the 
cavity 6. Thus, the foamable members 130 are heated 
so as to expand and thermoset. As a result, the longitu- 
dinally extending foamed products 135 are formed be- 

40 tween the reinforcement body outer walls 112 and the 
corresponding pillar panels 2, 4, as shown in FIGS. 9 
and 10. Preferably, the foamed products 135 extend 
along the length of the reinforcement body 111. The 
foamed products 135 are thus reliably bound to both of 

45 the reinforcement body outer wall surfaces and the pillar 
panel surfaces. Thus, the reinforcement body 1 1 1 is rig- 
idly fixed within the pillar cavity 6, so as to impart rigidity 
and strength to the pillar 1 . 

[0035] The reinforcement device 1 1 0 according to this 
50 embodiment may provide substantially the same effects 
and functions as the first representative embodiment. 
[0036] In addition, as shown in FIG. 12, the projec- 
tions 131 can simultaneously foam and expand to pro- 
duce foamed products 136 at the same time that the 
55 foamable members 1 30 expand to produce the foamed 
products 135. These foamed products 136 can partly 
protrude into the inner surfaces of the outer walls 112, 
to thereby cover the edges of the through holes 1 1 8. The 
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protruding portions of these foamed products 136 may 
increase the bonding strength of the foamed products 
135 to the reinforcement body 111. As a result, the re- 
inforcement body 1 1 1 can be more securely fixed within 
the pillar cavity 6. 

[0037] Although the outer walls 112 of the reinforce- 
ment body 1 1 1 may have grooves that form the retainer 
recesses 1 1 3, the outer walls 1 1 2 also may include rim 
or wall members 1 1 2a and the retainer recesses 1 1 3 are 
defined between rim members 112a, as shown in FIG. 
13. In addition, the through holes 118 can be replaced 
with blind or closed holes 11 8a, if necessary. 
[0038] As shown in FIG. 14, the outer walls 112 also 
may include shouldered rim members 112b and the re- 
tainer recesses 113 may be defined between rim mem- 
bers 112b. Thus, the recesses 113 may be raised from 
the outer wall surface. In this modification as well, the 
through holes 1 1 8 can be replaced with blind or closed 
holes 118b. 

[0039] FIG. 15 shows another modification of the 
present teachings, in which a plurality of projections 
118c can be disposed within the retainer recesses 113 
and corresponding holes 131c can be provided within 
the foamable members 130. Each of the engagement 
means shown in FIGS. 11-15 may be used independ- 
ently or in combination with the embodiments of the 
present teachings. 

[0040] Moreover, clips (not shown) may be utilized in- 
stead the projections 1 31 of the foamable members 1 30 
in order to reliably attach the foamable members 130 to 
the reinforcement body 111. Also, the foamable mem- 
bers 130 can be simply attached to the reinforcement 
body 111 by an adhesive. In this case, it is not necessary 
to utilize any structural engagement means, such as for 
example holes and corresponding projections. 
[0041] Further, although projections 131 are provided 
on the foamable members 1 30 of the second represent- 
ative embodiment, the projections 131 can be omitted, 
if desired. In addition, the number and position of the 
recesses 113 and the foamable members 130 can be 
appropriately changed, as desired. 
[0042] The constructions of the first and second rep- 
resentative embodiments can be further modified as dis- 
cussed herein. For example, the recesses 13, 113 can 
be a curved or zigzag form and are not required to have 
a rectilinear form. The foamable members 30, 130 can 
be discontinuously formed. That is, the foamable mem- 
bers 30, 130 can comprise pelletlike members or chip- 
like members that are attached to the reinforcement 
body walls 12, 112 in an appropriate manner. The re- 
cesses 13, 113 can be omitted, if desired. Further, the 
clips 20, 120 can be replaced with apertured strips that 
can be secured to the pillar panel 2, for example using 
screws. 

[0043] Further, the pillar of a vehicle body has been 
described as a representative hollow structural member. 
However, the hollow structural member is not limited to 
such pillars and may be a rocker panel, a roof side panel 



or other panels of a vehicle body. Moreover, the hollow 
structural member is not limited to parts of a vehicle 
body, as the present teachings are equally applicable to 
the reinforcement of any hollow structural members, 
5 such as for example structural components for buildings 
and ships. 

[0044] In one preferred aspect of the present teach- 
ings, the foamable members 30, 130 preferably com- 
prise an epoxy resin having an epoxy equivalents value 

10 of 300-4000, a curing agent and a foaming agent. The 
"epoxy equivalents value" is defined herein as the epoxy 
resin molecular weight (g/mole) per epoxy group. For 
example, an epoxy resin molecule having a molecular 
weight of 1 000 g/mole and having 2 epoxy groups in the 

15 molecule has an "epoxy equivalents" value of 500. The 
foamable members 30, 130 also may include at least 
one type of thermoplastic resin selected from vinyl ace- 
tate and ethylene copolymer, ethylene and alkyl acrylate 
copolymer and/or polyethylene resin. Further, the foam 

20 precursor material also may contain a reinforcing mate- 
rial such as glass, metal and/or ceramic. 
[0045] Preferably, the foam precursor material can be 
prepared by (1) heating and melting the epoxy resin, (2) 
adding the curing agent, foaming agent and any other 

25 desired additives to the molten epoxy resin, and (3) 
kneading the mixture. The curing and foaming agents 
are preferably handled at a temperature below the re- 
spective curing and foaming temperatures. 
[0046] Epoxy resins having suitable epoxy equiva- 

30 lents are not restricted to a single type of epoxy resin. 
Rather, combinations of epoxy resins also may be used. 
Representative epoxy resins include, but are not limited 
to, glycidyl ether, glycidyl ester, glycidyl amine and ali- 
cyclic. Other types of epoxy resins may be used. In par- 

35 ticular, bisphenol A, bisphenol F, brominated bisphenol 
A, hydrogenated bisphenol A, bisphenol S, bisphenol 
AF, biphenyl, naphthalene, fluorene, phenol novolac, or- 
tho-cresone novolac, DPP novolac, trifunctional, tris-hy- 
droxyphenylmethane, tetraphenolethane and other gly- 

40 cidyl ether types are preferred. Most preferably, bisphe- 
nol A, brominated bisphenol A, hydrogenated bisphenol 
A are used as the epoxy resin. Further, Epotote® man- 
ufactured by Toto Kasei, K.K. and Epikote® manufac- 
tured by Yuka Shell Epoxy Co. may be used as the 

45 epoxy resin. 

[0047] Preferred curing agents include polyaddition 
type, catalyst type and condensation type curing agents. 
The polyaddition type curing agents include, but are not 
limited to, polyamine-based dicyandiamide and the acid 

50 anhydride-based methyl nadic acid anhydride. The cat- 
alyst type curing agents include, but are not limited to, 
imidazole-based 2-methylimidazole, 2-ethyl 4-methyl- 
imidazole and 2-heptadecyl imidazole, Lewis acid- 
based monoethylamine boron trifluoride, piperazine bo- 

55 ron trifluoride and other related compounds. Specifical- 
ly, Amicure® (a product of Ajinomoto), amine-based cur- 
ing agents, such as dicyandiamide, imidazole-based 
curing agents including Curazole® (a product of 
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Shikoku Kasei) and Epicure® (a product of Yuka Shell), 
monoethylamine trifluoride complexes and other related 
compounds may be used. PN-23 (a product of Ajinomo- 
to), an amine-based curing agent, and AH-62 (a product 
of Ajinomoto), an imidazole-based curing agent are par- 
ticularly preferred. 

[0048] The amount of curing agent used in the foam 
precursor materials will differ depending on the epoxy 
equivalents of the epoxy resin. Generally, an amount of 
curing agent is utilized that will effectively cure the epoxy 
resin. Preferable amounts are 1-25 parts by weight to 
1 00 parts by weight of the epoxy resin and more prefer- 
ably 1 -1 0 parts by weight. 

[0049] A foaming agent is selected that decomposes, 
and thus expands the epoxy resin, in a prescribed heat- 
ing temperature range, depending on the curing agent 
used. The temperature range in which the curing agent 
can cure the epoxy resin should preferably overlap the 
temperature range in which the foaming agent decom- 
poses and expands. The two temperature ranges are 
not required to completely overlap, because it is suffi- 
cient for the two temperature ranges to partially overlap. 
Specifically, the foaming (decomposition) temperature 
is preferably 100°C or higher, and more preferably 
120°C or higher. 

[0050] Preferably, organic decomposing-type foam- 
ing agents are utilized. For example, azodicarbona- 
mide, azobisformamide, azobisisobutyronitrile, barium 
azodicarboxylate, N,N'-dinitrosopentamethylene te- 
tramine, N,N'-dinitroso-N,N'-dimethylterephthalamide, 
paratoluenesulfonyl hydrazide, benzenesulfonyl hy- 
drazide, 4,4'-oxybenzenesulfonyl hydrazide and other 
related compounds may be used. Any one or a combi- 
nation of two or more of these foaming agents may be 
used. Azodicarbonamide is particularly preferred. 
[0051] The foaming agent is preferably added in an 
amount to provide a foaming ratio of about 2-10 times, 
and more preferably about 2-6 times. That is, an amount 
of foaming agent is utilized that will produce a foamed 
product 35, 135 having a volume that is 2-1 0 times larger 
than the volume of the foamable member 30, 130, and 
more preferably about 2-6 times larger. While specific 
amounts will depend upon the particular epoxy resin that 
is selected, the foaming agent may be added at about 
0.5-15 parts by weight to 100 parts by weight of the 
epoxy resin and more preferably 0.5-1 0 parts by weight. 
[0052] In another preferred aspect of the present 
teachings, the foamable member 30, 1 30 may comprise 
one or more of a metal adhesive resin, a foaming agent, 
a foaming accelerator, a crosslinking agent, a monomer 
and a fibrous material. For example, the metal adhesive 
resin may be a polar resin that preferably adheres to a 
metal surface when it is heat treated for foaming. The 
metal adhesive resin may typically be a co-polymer of 
ethylene and an acrylic ester of a C1-C5 alcohol. Rep- 
resentative examples of such a resin include an ethyl- 
enemethyl acrylate copolymer resin (hereinafter re- 
ferred to as EMA), an ethylene-ethyl acrylate copolymer 



resin (hereinafter referred to as EEA) and/or an ethyl- 
ene-butyl acrylate copolymer (hereinafter referred to as 
EBA). Further, the metal adhesive resin may be a mix- 
ture of EMA, EEA or EBA and/or a low-density polyeth- 
5 ylene (LDPE). Preferably, the mixture has an LDPE con- 
tent less than 50%. 

[0053] The foaming agent may be one or two mem- 
bers selected from the group consisting of azodicarbo- 
namido (ADCA), dinitrosopentamethylenetetramine, 

10 oxy-bis(benzenesulfonyl hydorazide) and other similar 
compounds. The foaming accelerator may be zinc stea- 
rate, ZnO, MgO, stearic acid or another similar com- 
pound. Representative examples of the crosslinking 
agent include dicumyl peroxide (DCP), 1 ,3-bis(t-butylp- 

15 eroxyisopropyl) benzene and mixtures thereof. The 
monomer may be triallyl isocyanulate (TAIC), triallyl cy- 
anulate (TAC), trimethylolpropane trimethacrylate 
(TMP) or similar compounds. 

[0054] The fibrous material may be fiberglass, an or- 
20 ganic fiber and/or other similar materials. The fibrous 
material may be, e.g., chopped strands having a length 
of 5 to 20 mm and the fibrous material may comprise 
about 1 0 to 1 00 parts by weight per 1 00 parts by weight 
of the metal adhesive resin. The foamable members 30, 
25 1 30 may additionally contain supplemental fillers, such 
as for example calcium carbonate talc and/or clay. 
[0055] As discussed above, the foamable members 
30, 130 are preferably prepared at a low temperature 
that avoids or minimizes activation of the foaming agent. 
30 Known techniques and machines may be selectively 
used for the mixing process and the forming process. 
Further, the foamable members 30, 130 can be heated 
as described above. 

[0056] The foamable members 30, 1 30 are preferably 

35 a blend of reactive ingredients that have not yet reacted 
with each other. When the foamable members 30, 130 
are heated, the ingredients will react in order to form the 
foamed products 35, 135, preferably at an expansion 
ratio of about 2 to 5. Fibrous materials may be preferably 

40 utilized to increase the strength of the foamed products 
35, 135 without decreasing the foamability of the foam- 
ing agent. In particular, foamed products 35, 135 that 
contain EMA, EEA or EBA exhibit strong adhesion to a 
metallic surface. 

45 [0057] Representative examples of the present inven- 
tion have been described in detail with reference to the 
attached drawings. This detailed description is merely 
intended to teach a person of skill in the art further de- 
tails for practicing preferred aspects of the present 

50 teachings and is not intended to limit the scope of the 
invention. Only the claims define the scope of the 
claimed invention. Therefore, combinations of features 
and steps disclosed in the foregoing detail description 
may not be necessary to practice the invention in the 

55 broadest sense, and are instead taught merely to par- 
ticularly describe detailed representative examples of 
the invention. Moreover, the various features taught in 
this specification may be combined in ways that are not 
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specifically enumerated in order to obtain additional 
useful embodiments of the present teachings. 



Claims 

1 . An apparatus comprising at least one elongated re- 
inforcement body 11, 111 having a longitudinal axis 
and at least one foamable member 30, 1 30 that pro- 
duces a foamed product 35, 135 when heated, 
characterized in that: 

the foamable member 30, 130 is disposed 
along the longitudinal axis of the reinforcement 
body 11, 111 so that the foamed product 35, 1 35 will 
extend along the longitudinal axis of the reinforce- 
ment body 11, 111 in order to bond the reinforce- 
ment body 11, 111 to a hollow structural member 1 . 

2. An apparatus as defined in claim 1 , wherein at least 
one retainer recess 1 3, 1 1 3 is defined along the lon- 
gitudinal axis of the reinforcement body 11, 111 and 
the retainer recess 13, 113 extends along substan- 
tially the entire length of the reinforcement body 1 1 , 
111, and wherein the foamable member 30, 1 30 is 
received within the retainer recess 13, 113. 

3. An apparatus as defined in claim 1 or 2, wherein the 
reinforcement body 11,111 and the foamable mem- 
ber 30, 130 comprise means for engaging the rein- 
forcement body 1 1 , 1 1 1 to the foamable member 30, 
130. 

4. An apparatus as defined in claim 3, wherein the en- 
gagement means comprises a hole 118, 118a, 
118b, 131c and a projection 131, 1 1 8c constructed 
to engage the hole 118, 1 1 8a, 1 1 8b, 131c. 

5. An apparatus as defined in any of claims 1-4, 
wherein the foamable member30, 130 continuously 
extends along the entire length of the reinforcement 
body 11, 111. 

6. An apparatus as defined in any of claims 1-5, further 
comprising a hollow structural member 1 having a 
cavity 6 defined therein, wherein the at least one 
elongated reinforcement body 11,111 having a lon- 
gitudinal axis and the at least one foamable mem- 
ber 30, 1 30 that produces a foamed product 35, 1 35 
when heated are attached to the cavity 6, and 
wherein a clearance is defined between the inner 
surface of the hollow structural member 1 and the 
reinforcement body 11,111 and the foamable mem- 
ber 30, 130. 

7. An apparatus as defined in claim 6, further compris- 
ing a plurality of clips 20, 120 attached to the rein- 
forcement body 11,111, wherein the plurality of clips 
20, 120 engage a plurality of holes 7 disposed in 



the hollow structural member 1. 

8. An apparatus as defined in any of claims 1-7, 
wherein the foamable member 30, 130 comprises 

5 an epoxy resin having an epoxy equivalents value 

of 300-4000, a curing agent and a foaming agent. 

9. An apparatus as defined in any of claims 1-7, 
wherein the foamable member 30, 130 comprises 

10 a metal adhesive resin, a foaming agent and a 
crosslinking agent. 

10. An apparatus as defined in claim 8 or 9, wherein the 
foamable member 30, 130 further comprises a fi- 

15 brous reinforcing material. 

1 1 . A method of reinforcing a hollow structural member 
1 , comprising the steps of: 



20 attaching a reinforcing device 10, 1 1 0 to a cav- 

ity 6 defined within the hollow structural mem- 
ber 1 , the reinforcing device 10,110 comprising 
at least one elongated reinforcement body 11 , 
111 having a longitudinal axis and at least one 

25 foamable member 30, 130, wherein the foam- 

able member 30, 130 continuously extends 
along the longitudinal axis of the reinforcement 
body 11, 111, wherein a clearance is defined 
between the inner surface of the hollow struc- 

30 tural member 1 and the reinforcement body 1 1 , 

1 1 1 and the foamable member 30, 1 30 and 
applying external heat to the hollow structural 
member 1 and the reinforcing device 10, 1 1 0 in 
order to activate the foamable member 30, 1 30 

35 and thereby form a foamed product 35, 1 35 that 

extends along the longitudinal axis of the rein- 
forcement body 11, 111, whereby the foamed 
product 35, 135 bonds the reinforcement body 
11, 111 to the hollow structural member 1 . 



45 



50 



55 



8 



EP 1 149 679 A2 




EP 1 149 679 A2 



30 A 




FIG. 3 



10 



EP 1 149 679 A2 




FIG. 5 



11 



EP 1 149 679 A2 



CO 
CD 




12 



EP 1 149 679 A2 




120 

1 




FIG. 8 



13 



EP 1 149 679 A2 



111 (110) 




135 (130) 



FIG. 10 



14 



EP 1 149 679 A2 



11 KJ 




FIG. 11 



(131)136 



•135 (130) 




118a H2a 



113 130 



FIG. 12 



FIG. 13 



15 



EP 1 149 679 A2 




118b 



112 



112b f 13 130 



FIG. 14 




^^131c 



-A 



130 



FIG. 15 



16 



